Abstract:
Introduction
The cell membrane structure and function are modified during cancer transformation. Our earlier experiments show changes in the amount of phospholipids and free fatty acids of human large intestine cell membranes [1] [2] [3] . Certainly cancer alterations also refer to proteins of biological membranes.
Membrane structure changes would alter cells growth and interaction with other cells and the function of membrane proteins including immune system [4] . Structural changes in cell membrane can affect the activity of proteins that serve as ion channels, transporters, receptors, signal transducers or enzymes [5] [6] [7] .
The one of important properties of a biological membrane are its electric charge during malignant transformation could be observed an increase of superficial membrane potential. On the other hand, a decrease of the potential is detected in case of cell death. An electric potential in caused by carriers of negative electric charge that include various proteins, phospholipids and free carboxyl groups as well as molecules that contain positively charged.
In the current study, we examined levels of integral membrane proteins in cell membranes of colorectal cancer. In order to study protein modifications under pathological conditions, both qualitative and quantitative estimations of protein content are necessary. Herein, we used a high-performance liquid chromatography (HPLC)-based approach that involved selective hydrolysis of isolated tissue cell membrane proteins to peptides, resolution by chromatography and determination of the amino acid content (phenylalanine (Phe), tyrosine (Tyr), cysteine (Cys) and lysine (Lys)) in individual peptides.
Experimental procedure
Tissue samples (colorectal cancer and normal colon mucosa) were obtained from 10 patients (7 men and 3 women) who underwent surgical resection because of colorectal cancer. The age of patients ranged from 51 to 84 years old. No individual was given either radiotherapy or chemotherapy before tumour resection.
Tumour samples and normal colon mucosa were collected immediately after tumour removal. The segments from macroscopically unchanged intestinal mucosa were taken in the distance not smaller than 10 cm from the neoplastic lesions. The cancer cells differ in the size compared to their normal counterparts but they can be both larger and smaller. It is shown on picture of fragment of colorectal cancer and normal mucosa (Fig. 1) . Our study included colorectal cancers in G3 grade and pT3 stage with lymph node metastases, classified histopathologically as adenocarcinoma. This kind of tumour showed many changes in our previous experiments.
For histopathological studies, tissues of colorectal cancers were fixed in 10% buffer formalin and embedded in paraffin blocks. According to standard procedures 3-5 μm thick slides were cut and stained with haematoxylin and eosin. Next the diagnosis of colorectal cancer was made and pathological features were determined as AJCC/UICC TNM stage (American Joint Committee on Cancer/ International Union Against Cancer Tumor Node Metastasis), histological tumor type (HP) and grade of histological differentiation (G).
These human studies were in concordance with ethical standards of 1975 Declaration of Helsinki and its latest revision in 2004 and approved by the Ethics Committee of Medical University of Bialystok. All the participants gave their informed consent before inclusion in the study.
Isolation of cell membrane
The tissues (about 1 g) were homogenized in 1 mMNaHCO 3 (pH=7.6) -0.5 mM CaCl 2 in a loose -fitting Dounce homogenizer. Membrane fragments were separated from nuclei and mitochondria by rate-zonal centrifugation of the 'low-speed' pellet as described by Evans [8] . The sediment was homogenized in sucrose (1.22 g cm -3 density). Next, the sediment was covered with sucrose (1.16 g cm -3 density) and the cell membranes were separated by centrifugation at 2000 g for 25-35 minutes [1].
Isolation and analysis of phospholipids by HPLC method
The Folch method was used to extract phospholipids [9] . The cell membrane was homogenized in a chloroformmethanol mixture of (2:1 volume ratio). The solution was then filtered with degreased paper filters, and the precipitate was washed with an extracting solution (8:4:3 chloroform:methanol:aqueous calcium chloride solution 0.05 M calcium chloride). The suspension was centrifuged at 500 xg for 2 minutes, the organic and the aqueous phases were separated, and the aqueous phase was shaken again with chloroform, methanol and water mixture of (3:48:47 volume ratio) and the phases were separated. The organic phases were combined and evaporated to dryness. The extract was dissolved in 200 µL of hexane:isopropanol mixture (3:2) [1]. Addition of 0.03% tert-butylhydroxytoluene (BHT) and flushing with nitrogen at each step in the procedure were used to prevent oxidation during lipid extraction. HPLC analysis was performed on the extracted phospholipids to assess the quantities phosphatidylinositol (PI), phosphatidylserine (PS), phosphatidylethanolamine (PE) and phosphatidylcholine (PC). The isolated phospholipids were separated by group analysis in a silica gel column using normal 
Extraction of membrane proteins
The tissue cell membranes were homogenized in 5 mM NaOH. PMSF (phenyl-methyl-sulfonyl fluoride) was added to a final concentration of 1 µM to inhibit proteolysis. The suspension was centrifuged for 45 min at 1000 xg [10] .
The residual cell membranes were solubilized in 30 mL buffer containing 20 mM Tris/HCl (pH 7.4) and 1% Triton X-100 at 4 o C. The suspension was centrifuged at 1000 xg for 10 min. The supernatant was incubated at 32 o C for 2 h [11] and was then dialysed against distilled water and evaporated until dry.
Trypsin hydrolysis of proteins
The protein extract was weighed and dissolved in phosphate buffer (pH 7.4) to yield a final protein concentration of approximately 0.10 mg mL 
Separation of the peptide mixture of integral membrane proteins by HPLC
Following hydrolysis, the peptides were separated by HPLC on a LichroCART RP-18 column 100A (5 µm, 250×4.0 mm) equilibrated with solvent A (0.1% trifluoroacetic acid (TFA) in H 2 O) and eluted with a linear gradient to 20% solvent B (0.1% TFA in acetonitrile) during the first 8 min, to 70% solvent B during the next 20 min and to 100% solvent B during the final 4 min at 220 nm: the flow rate was 1 mL min -1 [13] . The Merck HPLC system was equipped with a pump (Model L-6200A), an ultra violet (UV) detector (Model L-4500), and an analog interface module D-6000 A and System Manager Software. UV absorbance was detected with a diode array detector (L-4500, Hitachi, Merck) scanning from 200 -400 nm at 220 nm resolution. The time required for each HPLC analysis was about 36 min. An example of separation of the peptide mixture containing tissue integral membrane proteins is provided in Fig. 2. 
Peptide assignment
The amino acid compositions of isolated peptides (6.2 min; 8.2 min; 9.1 min; 11.7 min; 12.6 min; 14 min; 17.1 min; 27.4 min; 28.9 min; 30.7 min) were determined by HPLC after acid hydrolysis under vacuum in the presence of 6 N HCl for 24 h at 110 o C. The amino acid separation was performed on a Lichrosorb NH 2 column 100A (5 µm, 250×4.6 mm). The mobile phase consisted of solvents A (0.01 M KH 2 PO 4 , pH 4.3) and B (a 500:70 mixture of acetonitrile/water). All separations were performed with a 5% to 50% gradient of solvent A using a flow rate of 1 mL min -1
. UV absorbance was detected with a diode array detector (L-4500, Hitachi, Merck) scanning from 190 -400 nm at 200 nm resolution [14] . The time required for each HPLC analysis was about 30 min. Under the chromatographic conditions tested, a linear relationship was verified in the ranges between 20 -80 µg mL -1 for Phe; 3 -10 ng mL -1 for Tyr; 0.15 -1.0 µg mL -1 for Cys and 250 -400 mg mL -1 for Lys using standardized solutions and analysis of variance of the regression (r 2 ). The r 2 values for all of these compounds were 0.990. All of the peptides originated from different groups (control and tumor) that consistently contained the following four amino acids: Phe, Tyr, Cys i Lys. Fig. 3 shows the separation of these amino acids from a typical peptide mixture after the hydrolysis of proteins isolated from tissue cell membranes.
Under the chromatographic conditions tested, a linear relationship was verified in the ranges between 20 -80 µg mL -1 for Phe; 3 -10 ng mL -1 for Tyr; 0.15 -1.0 µg mL -1 for Cys and 250 -400 mg mL -1 for Lys using standardized solutions and analysis of variance of the regression (r 2 ). The r 2 values for all of these compounds were 0.990.
Statistical methods
The data obtained in this study are expressed as mean ± SD. The data were analysed using Wilcoxon Matched-Pairs Signed-Ranks Test (from standard statistical program SPSS 8.0 PL) for comparisons between control and cancer samples. The values of p < 0.05 were considered significant. Fig. 4 shows that the levels of integral membrane proteins decreased significantly during cancer transformation in the cell membrane. About a 40% decrease in integral membrane protein levels (and about 60% decrease proteins expressed as an amount of phospholipids) was observed in the patients at pT3 stage, G2 grade with metastasis with respect to the unaffected cells. Fig. 5 shows changes in peptide content after hydrolysis of proteins isolated from tissue cell membranes from the control and tumour. We worked out an average of 10 patients because the changes observed in patients 1-10 proved to be similar. Cancer transformation caused a decrease in peptide levels relative to the unmodified cells. The peptide contents at the following selected retention times [in min]: 6.2; 8.2; 9.1; 11.7; 12.6; 14; 17.1; 27.4; 28.9; 30.7 decreased approximately: 28%; 20%; 20%; 20%; 20%; 20%; 20%; 12%; 20% and 20%, respectively.
Results and discussion
The levels of the amino acids Phe, Cys, Tyr and Lys was determined for individual peptides following large intestine membrane protein hydrolysis. The cancer tissues showed a decrease in the amount of individual amino acids relative to the control. We also worked out an average of 10 patients because the changes observed in patients 1-10 proved to be similar. (Table 1) .
Consequence of carcinogenesis is arise of a new cell line whose malignant activity is transmitted from one cell generation to another. It seems that cell transformation including changes in cell membrane proteins might play a role during the transformation of a normal cell into a cancer one. It is to decide if this modification is a cause or rather a result of cancer changes.
Our previous experiments demonstrated that the cell membrane and the function are modified during cancer transformation. It is reflected by changes in the amount of phospholipids and free fatty acids of human large intestine cell membrane [1] [2] [3] . The increase in the phospholipid levels leads to an increase in amounts of functional groups, both positively and negatively charged, present at the membrane surface. Differential branching and sialic acid content of N-linked glycans are associated with an increase in the net negative charge in the membrane of many cancer cells [15] . Interestingly, peptide-glycosylation was associated with increased potency of drosocin in vitro [16] .
The ultimate consequence of cancer transformationinduced protein modifications can include structural changes, such as aggregation or fragmentation [17, 18] . The results presented herein indicate that structural 34.5 ± 6.27 48.8 ± 3.44 28.6 ± 1.93 27.1 ± 3.06 24.9 ± 4.57 22.6 ± 4.46 29.4 ± 2.01 23.7 ± 2.17 22.6 ± 3.69 27.0 ± 5.11
15.3 ± 6.09 23.1 ± 2.84 changes in protein molecules following cancer transformation are characterized by fragmentation rather than by aggregation because they are more susceptible to proteolysis. Protein fragmentation can generate new functional groups, both acidic and basic. This process can also expose membrane phospholipid functional groups previously masked by proteins. These changes can yield higher negative electric charge at high pH values and lower positive electric charges at low pH values, as described previously [1] [2] [3] .
Colon carcinogenesis is a multistep process where oxygen radicals were found to enhance carcinogenesis at all stages: initiation, promotion and progression. Previous studies indicate significant changes in antioxidant capacity of colorectal cancer tissues, which lead to enhanced action of reactive oxygen species (ROS), resulting in lipid peroxidation [19, 20] . ROS may provoke oxidative modifications of membrane lipids and proteins. Proteins are known to be both the primary and first target for free radicals, which are formed in both the intra-and extracellular environment in vivo [21] .
All amino acids are susceptible to attack by free radicals, although some of them are more vulnerable than others: those that are most sensitive to oxidation include aromatic amino acids such as phenylalanine (Phe) and tyrosine (Tyr). Phe can be converted into Tyr [22] . However, it is known, for example, to induce transversion mutations and strand breaks in DNA, to trigger lipid peroxidation, to disturb the mitochondrial respiratory chain and to influence protein phosphorylation by nitrating tyrosine residues of proteins such as p53 [23] [24] [25] . As nitration of tyrosine residues in various proteins has been shown to inhibit their functions [23] . As a sulphydryl amino acid, Cys is also extremely sensitive to free radicals. Reports have shown that antioxidants and oxidative stress activate proteins such as thioredoxin (TR) and thioredoxin reductase (TRX) through modification of sulfur atoms on cysteines, primary targets for redox reactions [26] . The critical redox-sensitive signaling proteins and their cysteines transport a signal from the cytoplasm to the nucleus to turn on the transcription factor. In addition, it appears that the critical cysteines in TR and TRX are targets for this signaling process, further suggesting a mechanism involving alterations in the redox status of these proteins [26] . The occurrence of these types of reactions corresponds with a decrease in the number of Phe, Tyr and Cys amino acids detected in our study (Table 1) .
Herein, we also show that the level of Lys was lower in colon cancer relative to the control. Although alphapoly-L-lysine is known as a cell proliferation-enhancing agent, L-lysine has been reported to have inhibitory effect on the growth of several transplantable animal tumors [27, 28] . The other literature data show that a specific combination of ascorbic acid, proline and lysine has a significant antiproliferative and antimetastatic effect against some human cancer cell lines, breast, colon and skin [29] .
Today cancer is the largest single cause of death in men and women, and chemoprevention has been a promising anticancer approach aimed at reducing the morbidity and mortality of cancer by delaying the process of carcinogenesis. Recently, peptides from enzymatic hydrolysis of various food proteins exert quite different bioactivities [30] .
Bioactive peptides, including cationic antimicrobial peptides (CAPs), are promising candidates for antitumor treatment [15] . Positively charged amino acids, such as lysine also studied in our work are frequently found in large numbers in CAPs [30, 31] . The cell membrane electric potential is important for peptide channel formation in cancer cell and could affect the selective killing of cancer cells by CAPs [32] .
Conclusion
In summation, an estimation of integral protein levels in human large intestine cell membrane using HPLC can help explain how cancer transformation influences cell membrane function and composition. Herein, we show that cancer transformation causes a decrease in the levels of integral proteins in human large intestine cell membrane, which may in turn lead to an increase in the levels of other charged molecules on the cell surface, such as phospholipids. It might lead to the reconstruction and functional rearrangement of the cell membrane, for example: the permeability, electric properties, fluidity etc.
